Recent results in electric field control of magnetism have paved the way for the design of new magnetic and spintronic devices with enhanced and novel functionalities and low power consumption. Among the diversity of reported magnetoelectric effects, the possibility of switching on and off long-range ferromagnetic ordering close to room temperature stands out. Its binary character opens up the avenue for its implementation in magnetoelectric data storage devices. Here we show the possibility to locally switch on superferromagnetism in a wedge-shaped polycrystalline FE thin film deposited on top of ferroelectric and ferroelastic BaTiO 3 substrate. A superparamagnetic to superferromagnetic transition is observed for confined regions for which a voltage applied to the ferroelectric substrate induces a sizable strain. We argue that electric field-induced changes of magnetic anisotropy lead to an increase of the critical temperature separating the two regimes so that superparamagnetic regions develop collective long-range superferromagnetic behaviour.
The creation of magnetoelectric (ME) systems with coupled electric and magnetic orders [1] [2] [3] and in particular the electrical control of magnetism [4] [5] [6] , is an important research goal with possible applications in spin-based storage and logic architectures with low power consumption 5, [7] [8] [9] . Recent work has achieved electrical control of magnetic properties including the type of magnetic ordering [10] [11] [12] , magnetic moment 13 , magnetic anisotropy [14] [15] [16] [17] , domain structure [18] [19] [20] , exchange bias 21 , spin polarization 22, 23 and critical temperature 10, [24] [25] [26] . Where ME effects occur in two-component systems, electrical control of the magnetic phase is achieved either directly by interfacial charge doping, or indirectly via voltage-induced strain transferred by interfacial elastic coupling 5 , and the ME behaviour depends crucially on the response of magnetic phases to these charge and strain stimuli.
The interface between ferromagnetic (FM) Fe and ferroelectric and ferroelastic (FE) BaTiO 3 (BTO), for instance, garnered interest after charge-induced modulations of magnetic moment 27 and magnetic anisotropy 28 were predicted. While subsequent experiments realized such charge-induced effects at the interface with BTO 12, 14 , strain-induced changes of magnetic anisotropy 15, 17 and domain structure 18, 19 appear to be more robust and repeatable.
While most studies of ME effects have focused on thin film-based heterostructured systems 10, 12, 15-17, 19-22, 24-26 , electric-field control of nanostructure and nanoparticle properties can also play a role in functionality. To this respect "straintronics", i.e. strain-mediated control of nanoscale magnetic bits in magnetic random access memory devices is emerging as a scalable, efficient, fast and energy efficient alternative to nowadays magnetic memories [29] [30] [31] [32] [33] [34] [35] . A recent demonstration of electric-fieldcontrol of the blocking temperature of superparamagnetic Ni nanoparticles (NPs) highlighted the possibility to control magnetism at nanometric scales by voltage-induced modification of their magnetoelastic anisotropy 26 . Such nanometric control of magnetism suggests the possibility, not only to modify the magnetic state of a single NP, but also to influence the collective magnetic behaviour of an assembly of NPs. This possibility represents an unexplored extra dimension in ME studies, with potential to unlock novel non-volatile ME behaviours.
Here we explore such ME effects by means of a space resolved analysis of the magnetic domains structure of an ultrathin nanocrystalline Fe film grown on top of a ferroelectric and ferroelastic BaTiO 3 substrate. We present evidence that a local superferromagnetic state at room temperature (RT), on otherwise superparamagnetic grains, can result from electrically-induced modification of magnetoelastic anisotropy in a magnetic system coupled to a FE substrate.
I. RESULTS

A. Sample description
We present data on an in-situ evaporated Fe film deposited on a 5 mm x 5 mm and 0.5 mm thick BTO substrate. Pseudo-cubic (pc) notation is used to describe crystallographic directions (see Figure   1 ). A ferroelectric BTO crystal at (and close to) room temperature (RT) has a tetragonal lattice structure (a = 4.036 Å and b = c = 3.992 Å) generally polydomain in nature. The crystal develops a characteristic and well-described pattern with FE polarization oriented always along the elongated c axis. The Fe film is grown (see Appendix) with a ~30-µm wide thickness gradient region (wedge) bisecting the sample, over which the Fe thickness (t Fe ) varies continuously along the [1 � 00] pc BTO direction, from 0.5 nm to 3 nm. Elsewhere, the Fe thickness is constant, either "thin" (0.5 nm) or "thick" (3 nm). Space-resolved chemical and magnetic characterization of the sample was performed by means of x-ray photoemission electron microscopy (XPEEM) with tunable energy for x-ray absorption spectroscopy (XAS) and tunable polarization for x-ray magnetic circular dichroism (XMCD)
as a magnetic contrast mechanism (see Appendix).
B. Space-resolved structural, chemical and magnetic characterization
The quality of the wedge was assessed by means of XAS and XMCD right after its growth. Thereafter the sample was in-situ capped with a 3 nm Al protective layer and remounted in order to ensure proper electrical contacts for the application of voltage across the sample. The atomic structure of the sample was investigated using a scanning transmission electron microscope (STEM) after the XPEEM measurements. .
The magnetic domain configuration of the as-deposited Fe wedge is depicted in Figure 1 (f). The magnetic contrast XMCD image displays no visible imprint from the underlying FE BTO domain structure expected to arise from the inverse magnetostriction effect 39 . This lack of imprint, expected for films grown at low deposition rates 40 does not exclude certain, although small (below 10% of lattice mismatch), strain transfer between substrate and film 19, 41 . The transition between apparent paramagnetic (white) and ferromagnetic (colored) behavior is sharp as the Fe thickness increases.
Comparing a line profile of XMCD across the wedge (Figure 1 (g)) with the thickness profile of Fe along the same line reveals a critical Fe thickness t FM ∼ 13 Å below which long range ferromagnetism is absent. While the existence of t FM is expected from the known suppression of the T C (and eventual destruction of ferromagnetism) in thin FM films 42 , the value of t FM in highly-ordered coherent epitaxial films at 320 K is approximately one atomic monolayer 43 , i.e. much lower than the present film. Such discrepancy suggest a superparamagnetic behaviour for t Fe < t FM associated with the nanocrystalline structure of the film 44 , as discussed below, and/or due to the formation of isolated islands at low coverage 45, 46 .
A 
C. Voltage dependent study of ME effects.
Prior to the application of any electric voltage the sample was cooled down from room temperature to ca. 60 K, and then returned to 320 K. This temperature cycle altered the initial magnetic domain structure of Fe as the stress changes suffered by the BTO substrate during this thermal excursion are expected to be fully transferred to the top metallic layer 47 via inverse magnetostriction effect 39 . 
II. DISCUSSION
The lack of direct information about the ferroelastic domain configuration of BTO complicates the interpretation of the experimental results. However, the analysis of the XMCD vs voltage data within a differential strain model 40, 48 provided by the BTO substrate [50] [51] [52] . At this point we recall the polycrystalline nature of our film as well as the surprising absence of long-range ferromagnetic ordering for t Fe < 13 Å. We note that for Fe/BTO it has recently been reported that superparamagnetism does arise due to the formation of non-connected Fe nanoislands in the thickness range of 1-4 monolayers 12, 14 due to a Volmer-Weber growth 45, 53 . We hence consider that at room temperature and for t Fe < 13 Å our film consists of isolated nanoscale grains behaving as nanoparticles with a superparamagnetic limit which depends on grain size and magnetic anisotropy, the latter susceptible to be modified by an electric field (or a and the randomness characteristic of this magnetic phase 55, 59 would lead to zero averaged magnetization and hence to XMCD = 0, in contradiction with the data depicted in Figure 4 and Figure   S8 . The transition temperature between the superparamagnetic (T > T p ) and superferromagnetic state (T < T p ) depends on both, interparticle interactions and magnetic anisotropy. Hence it is expected that, as for the case of non-interacting NP 
where the first term of Eq. 1 stands for uniaxial anisotropy, being � a local random anisotropy direction, and the second one accounts for interpaticle dipolar interactions. All quantities in parenthesis are dimensionless. When distances between NPs are measured in terms of particle diameter as = • , the dipolar energy strength is controlled by the parameter g given by The change in the T P as estimated from the inflection points of both curves is of the order of ΔTc≈ (40±10) K in agreement with our experiments.
III. CONCLUSION
Application of electric-field induced strain to a polycrystalline Fe wedge sample shows localized extension of long range ferromagnetism towards lower Fe thicknesses. This result can be explained by a magnetoelastic modification of the magnetic anisotropy associated to the nanometer sized Fe crystals inducing a local superparamagnetic/superferromagnetic transition at room temperature.
Our results open up new possibilities for electric field control of magnetic ordering as the size of the superferromagnetic domains can be controlled and reduced by scaling down the size of FE domains by using thin films instead of single crystals 63 .
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